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Example: A BJT Circuit in Cutoff and Saturation
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Determine all currents for the BJT in the circuit below.
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Hey this is easy!  For saturation, if we know one voltage, we know them all! 

We know:     VB1 = 5.3 V     and     VE2 = 5.7 V

Therefore, we can use the ENFORCED conditions to find all voltages.

VE1 = VEB1 + VB1 = 0.7 + 5.3 = 6.0 V


VC1 = VB1 - VBC1 = 5.3 – (-0.5) = 5.8 V

VB2 = VE2  - VEB2 = 5.7 – 0.7 = 5.0V

VC2 = VE2 – VEC2 = 5.7 – 0.2 = 5.5 V

Now for the currents! From Ohm’s Law:
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And therefore from KCL:


[image: image5.wmf]1B2

E1

i = i + i = 4 + (-0.02) = 3.98 mA



[image: image6.wmf]B1

C1

E1

i = i - i = 3.98 - 0.58 = 3.40 mA



[image: image7.wmf]B2

C2

E2

i = i + i = 5.50 + (-0.02) = 5.48 mA


Now we must CHECK our assumptions.  For Q1:


iE1 = 3.98 mA > 0        iC1 = 0.58 mA > 0      iB1 = 3.4 mA > 0  
and

iC1 = 0.58 mA <  iB1 = 100(3.4)  = 340 mA  
So far so good ! Now for Q2:

iE2 = 5.48 mA > 0      iC2 = 5.5 mA > 0     iB2 = -0.02 mA > 0 X



Lets still ASSUME that Q1 is in saturation, but change our Q2 assumption to cutoff.

Therefore ENFORCE  iB2 = iC2 = iE2 = 0













Also as before, we find that i1 = 4mA and iC1 = 0.58 mA.

But, the emitter current is now iE1 = i1 + iB2 = 4 + 0 = 4 mA,

and thus the base current has changed to:  

iB1 = iE1 – iC1 = 4.00 – 0.58 = 3.42 mA

Recall that we know (or think we do) the currents for Q2:

iB2 = iC2 = iE2 = 0

Now, lets determine the voltages of Q2:


Cross your fingers! Its time to CHECK again. For Q1:

iE1 = 3.98 mA > 0        iC1 = 0.58 mA > 0      iB1 = 3.4 mA > 0  
and

iC1 = 0.58 mA <  iB1 = 100(3.4)  = 340 mA  
So far so good ! Now for Q2:


VEB2 = -0.3 V < 0            VBC2 = 6.0 V > 0 
Success ! Our assumptions are correct (woo-hoo!).
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First lets ASSUME that both BJTs are in saturation.





Thus, ENFORCE:





VEB1 =VEB2= 0.7 V





VEC1=VEC2=0.2 V





VBC1=VBC2 = -0.5 V





Now, lets ANALYZE this circuit!





Our assumptions our incorrect.  We must change our assumptions and start again 


(Doh) !
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As before, the voltages for Q1 are:





VE1 = VEB1 + VB1 


      = 0.7 + 5.3 = 6.0 V





VC1 = VB1 - VBC1 


      = 5.3 – (-0.5) = 5.8 V
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It is evident that:





VE2 = 5.7 V





VC2 = 0 + 1 iC2 = 0





VB2 = VE1 + 50 iB2


      =  6.0 V





Therefore:





VEB2 = VE2-VB2 


           = 5.7-6.0 = -0.3 V 





VBC2 = VB2-VC2 


           = 6.0 – 0 = 6.0 V
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